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ABSTRACT 
Two of the most important measurements related to electromagnetic 
compatibility (EMC) are radiated emission and radiated immunity. These measurements 
must be performed in a facility which provides reliability and reproducibility. The 
Gigahertz Transverse Electromagnetic Mode (GTEM) cell is one of the facilities for 
EMC measurement due to its well defined electric and magnetic field distribution in 
addition to being cost effective. The research undertaken in this project is to determine 
the field distribution in the GTEM by using Finite Difference Time Domain (FDTD). 
The results from the modeling are then compared with actual measurements and any 
differences will be noted and explained. The field strength inside a GTEM cell is a 
fl.lI1ction of the input power as well as location along the longitudinal axis or septum 
height. Radiated immunity measurements require field uniformity (+6 dB according to 
IEC 61000-4-3 standard) which depends on the design aspects of the GTEM such as 
size, material and absorbing condition. The capability of the GTEM cell to provide the 
unifo1111 field can be tested theoretically and experimentally. FDTD is a numerical 
method that can be used to predict the electric field distribution in a GTEM cell. The 
electric field distribution for frequencies at 100 MHz, 200 MHz, and 400 MHz were 
calculated using the EZ-FDTD software. In this report, theoretical study on the field 
strength and distribution in a GTEM cell is described. It is followed by making 
measurements of the field based on the radiated immunity test setup. It is found that at 
septum height 63 cm for frequency 100 MHz, the measured and simulated results are 
very close. This is the location recommended by the manufacturer for the placement of 
equipment under test (EUT) in radiated emission and radiated immunity test. The 
difference varies from 0.01 dB to 4.91 dB. The difference between modeling and actual 
measurement can be attributed to the input field distribution, inhomogeneous 
characteristics of the septum and existence of standing wave. In the future, it is 
recommended that other numerical methods such as Finite Element Method (FEM) and 
Transmission Lines Method (TLM) be used and more accurate model and absorbing 
boundary condition parameters be implemented. 
VI 
ABSTRAK 
Dua daripada pengukuran paling penting berhubung keserasian elektromagnet 
(EMC) adalah panearan radiasi dan ketahanan radiasi. Pengukuran ini mestilah 
dilakukan di dalam kemudahan yang menyediakan kebolehharapan dan 
kebolehulangan. Sel Mod Elektromagnet Melintang Gigahertz (GTEM) adalah satu 
daripada kemudahan untuk pengukuran EMC hasil daripada medan elektrik dan 
medan magnetnya yang tertakrif dengan baik disamping kosnya yang efektif. 
Penyelidikan yang dijalankan di dalam projek ini adalah untuk menentukan taburan 
medan di dalam GTEM menggunakan Bezaan Terhingga Domain Masa (FDTD). 
Keputusan daripada permodelan kemudian dibandingkan dengan pengukuran sebenar 
dan sebarang perbezaan diantaranya akan dieatat dan dihuraikan. Kekuatan medan di 
dalam sel GTEM adalah fungsi bagi kuasa masukan dan juga lokasi sepanjang paksi 
membujur atau ketinggian septum (pengalir dalam). Pengukuran ketahanan radiasi 
memerlukan keseragaman medan (+ 6 dB menurut piawaian IEC 61000-4-3) yang 
bersandar kepada aspek rekabentuk sel GTEM seperti saiz, bahan dan keadaan 
serapan. Kemampuan sel GTEM menyediakan medan yang seragam boleh diuji 
seeara teori dan ujikaji. FDTD adalah satu kaedah berangka yang boleh digunakan 
untuk meramal taburan medan elektrik di dalam sel GTEM. Taburan medan elektrik 
pada frekuensi 100 MHz, 200 MHz dan 400 MHz telah dikira menggunakan perisian 
EZ-FDTD. Di dalam laporan ini, kajian teori ke atas kekuatan medan dan taburannya 
di dalam sel GTEM diterangkan. Ianya diikuti dengan melakukan penguh.'uran medan 
berdasarkan pengujian ketahanan radiasi. Didapati bahawa pada ketinggian septum 
63 em untuk frekuensi 100 MHz, keputusan pengukuran dan simulasi adalah paling 
hampir. Lokasi ini adalah yang dieadangkan oleh pengeluar untuk perletakan 
peralatan dibawah ujian (EUT) dalam ujian panearan radiasi dan ketahanan radiasi. 
Perbezaan berubah dari 0.01 dB hingga 4.91 dB. Perbezaan diantara permodelan dan 
pengukuran sebenar boleh disifatkan kepada masukan taburan medan, eiri-eiri 
ketakhomogenan bagi septum dan kewujudan gelombang pegun. Di masa hadapan, 
adalah dieadangkan kaedah berangka yang lain seperti Kaedah Elemen Terhingga 
(FEM) dan Kaedah Penghantaran Talian (TLM) digunakan dan model dan 
parameter keadaan serapan sempadan yang lebih tepat dilaksanakan. 
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CHAPTER I 
INTRODUCTION 
1.1 Introduction to Project 
The measurement method for radiated emission and radiated susceptibility 
requires a method, which is reliable and reproducible. This is important to ensure the 
measurements fl.dfill the electromagnetic compatibility (EMC) standard. The 
Gigahertz Transverse Electromagnetic Mode (GTEM) cell as a new measurement 
facility in electromagnetic compatibility need to be evaluated especially its electric 
field distributions. 
It is important to determine the field strength and distribution in a GTEM cell 
for EMC and calibration measurements. The field strength inside a GTEM Cell is a 
function of the input power as well as location along the longitudinal axis or septum 
height. Immunity measurements require field uniformity (+6 dB according to IEC 
61000-4-3 standard) over certain test area and calibration can only be carried out if 
the precise field strength at a particular location is known. 
2 
Finite Difference Time Domain (FDTD) is a numerical method that can be 
used to predict the electric field distribution in a GTEM cell. FDTD is a tool to 
calculate the electric field in a defined test volume in a GTEM cell. The electric field 
distribution at certain frequency was calculated using EZ-FDTD software based on 
FDTD method. 
In this report, theoretical study on the field strength and distribution in a 
GTEM cell is described. It is followed by making measurements of the field. The 
results from both works will be compared and the differences will be noted and 
explained. The differences of the theoretical and measurements denotes the sources 
of field problems and recommended solution will be mentioned. 
1.2 Objectives 
i) To perfonTI numerical modeling of field strength in GTEM cell using 
Finite Difference Time Domain, (FDTD). 
ii) To conduct measurements of field strength in GTEM cell based on 
immunity measurement setllp. 
iii) To analyze, compare, and conclude the results obtained from the 
modeling and measurements. 
1.3 Scopes of Work 
i) Measurement and calculation of electric field distribution was done at 
frequency 100MHz, 200M Hz and 400MHz. 
ii) Simulation model using three-dimensional FDTD method. 
iii) Measurement GTEM facility is GTEM 750 model by Schaffner. 
iv) Electric field distribution for an unloaded GTEM cell. 
v) Measurement and calculation was done at three different planes where 
septum height, h was 54cm, 63cm, and 70cm. 
1.4 Importance of Project 
i) To determine the capability of a GTEM cell as a measurement facility in 
electromagnetic compatibility. 
ii) To provide an input to GTEM manufacturer to improve their GTEM cell. 
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